Abstract Top ranking varieties are tested in multiple environments before and after registration in order to assess their value for cultivation and use (VCU testing). Recently, interest has increased in obtaining varieties specifically adapted to organic farming conditions. This raised the question if an independent system of trials may be required for this purpose. To help answering this question, through the exchange network of European cereal researchers SUSVAR (www.cost860.dk), a number of data sets of agronomic traits from barley, wheat and winter triticale, from trials performed in Denmark, Sweden, The Netherlands, France, Switzerland, UK and Germany, were made available and analysed using an approach based on mixed models involving parameters describing genetic correlation between the two types of experiments, i.e., organic and non-organic (high or low input). Estimated variance components and correlations were used to evaluate response to selection and index selection. The response to index selection was analysed as a function of the fraction of available trials assigned to the organic system. The genetic correlations were interpreted in terms of ranking agreement. We found high genetic correlations between both systems for most traits in all countries. Despite high genetic correlations, the chances of very good agreement in observed rankings were moderate. Combining information from both organic and non-organic systems is shown to be beneficial. Further, ignoring information from non-organic trials when making decisions regarding performance under organic conditions is a sub-optimal strategy.
Introduction
In Europe varieties of arable crops are tested in multiple environments to assess their value for cultivation and use for a certain cropping system or region both before and after inscription in a National or the European Common Catalogue of varieties. Over the last decade the acreage dedicated to organic cropping systems has shown a continuous growth in a number of European countries (Anonymous 2007) . This can be attributed to a combination of public concern about human health and the environment and national policies to support more sustainable agricultural production systems. With this increased attention for organic farming, also the issue of how to identify varieties that are better adapted to organic farming conditions surged. In various European countries members of the organic sector have suggested that an independent system of organic variety trials may be required for this purpose. This is based on the assumption that the ranking of varieties for key plant traits differs between an organic and conventional cropping system. To study this assumption, research groups in Austria, Denmark, Germany, Netherlands and Switzerland almost simultaneously, but independently of each other, conducted trials to compare cereal varieties under organic and conventional or low input (in the Swiss case) cropping systems. The Danish research is still ongoing. The results from the other countries showed high phenotypic correlation coefficients (r) between the performance in organic and non-organic sites, ranging from 0.75 to 0.99 for most traits (Osman et al. 2005; Oberforster 2006; Kleijer and Schwärzel 2006; Schwärzel et al. 2006) . In Switzerland earliness and a number of baking quality traits (protein content, Zeleny sedimentation, wet gluten content, dough stability and loaf volume) showed a significant genotype 9 system interaction. In Austria lower correlations were found for resistance to Septoria tritici and Fusarium spp. Also, in Austria phenotypic correlation for yield was considerably lower in the drought prone cropping region (r = 0.59) than in the humid region (r = 0.83) Oberforster 2006. Recently, results of studies comparing the performance of wheat varieties and breeding lines from other continents have become available. In Canada, Mason et al. (2007) did not find a significant genotype 9 system interaction for yield and quality traits, except for dough mixing development time. Kitchen et al. (2003) concluded that the varieties they studied in Australia did not show a comparative advantage in either the organic or non-organic systems for grain yield and biomass production. These two studies compared modern cultivars and old varieties that were developed before agricultural intensification; but in both studies only a total of five varieties were included. So, the fact that they did not find differences between organic and non-organic systems may also be attributed to this limited number of varieties.
While all the studies mentioned above conclude that there are no or only minor differences between the results of testing varieties in organic and nonorganic systems, also reports with opposing results have been published. Murphy et al. (2007) compared 35 soft winter wheat breeding lines at five pairs (organic, non-organic) of sites during 2 years in Washington State, USA. They found significant genotype 9 system interaction for yield and specific weight at four of the five sites. In Germany, Burger et al. (2008) compared testcrosses of doubled haploid lines-with a tester line of maize and only report small to moderate phenotypic correlations for yield and highly variable genotypic correlations.
One of the factors influencing the outcome and interpretation of results is the statistical model used. Between 2004 and European cereal researchers and breeders with an interest in low input and organic agriculture regularly met through the exchange network SUSVAR (www.cost860.dk). This made it possible to collect data sets from organic and nonorganic barley, wheat, and winter triticale trials that were performed in Denmark, Sweden, The Netherlands, France, Switzerland, UK, and Germany for a joint analysis with the same statistical methods. The purpose of this work was to assess the need to set up a separate variety testing system of organic farming, by studying the following questions: -how big is the genetic correlation between organic and non-organic trials? -what is the relation between genetic correlation and the ranking order of the varieties in organic and non-organic trials? -what are the gains or losses of selecting indirectly-based on results of non-organic trials only-and by using an index based on results of both organic and non-organic trials?
We tackled these questions using the mixed model methodology in a way similar to an approach, which has been proposed to decide if it is worthwhile to subdivide a target region into subregions for local recommendation (Piepho and Möhring 2005) . The approach is based on the premise that a variety recommendation is essentially a selection problem, so well-known results on selection theory are relevant, i.e., it makes sense to consider a ''response-torecommendation'' as a measure for the performance of a variety testing system. As advocated in that paper we used mixed models, which comprise a genetic correlation between organic and non-organic trials. Estimates of the genetic correlation were interpreted in terms of ranking agreement. An approach based on index selection (Falconer and Mackay 1996; Bos and Caligari 2007) was proposed to study the effect of the number of organic trials on the response to selection.
Materials and methods

The experiments
Cropping systems
The data sets comprise results of field trials performed in two agricultural systems over several years and/or at a number of sites (Table 1) . In all experiments an ''organic'' cropping system was compared with a cropping system that applies synthetic fertilizers, denoted here as ''non-organic''. Between countries there are differences in both the organic and nonorganic cropping systems (Table 2) . While in most countries the organic system was certified by a national authority, in Denmark and Sweden this was not the case. In Sweden the fields in the experimental farm had been managed without synthetic inputs for at least 5 years. In Denmark, this was the case for one of the locations whereas synthetic inputs were used up until 3 years before the ''organic'' trial at the other location. The amount of nitrogen fertilizer used varied between experiments (Table 2) . Two fertilizer regimes (no fertilizer and 60-110 kg N/ha) were included in each system of the German trials.
Crops
In the different countries different cereal crops were selected for the study. In the Danish and Swedish research, spring barley was chosen as crop. Winter wheat was the crop in the British, French, and Swiss experiments, while the Dutch worked with spring wheat. In Germany the research was conducted with winter triticale.
The choice of genotypes
The Dutch, Swedish, and Swiss study followed a typical variety testing procedure: each year new advanced breeding lines and varieties were included and entries that were not resistant enough, lacked quality or showed poor yield were discarded. In the Dutch case, ''new'' entries (varieties that were not previously tested in the Netherlands) first passed a phase of pre-testing (Dutch II), and from this pretesting the 2-3 best varieties entered the main trial each year (Dutch I). For this study seed companies sent in new varieties, that they were releasing for the conventional market, but also considered interesting for organic farming. As a consequence, in the Dutch II trials in each year different varieties were tested (together with four standard varieties that did not change over years), whereas the set of varieties of Dutch I only showed minor changes over years. Varieties in the Swedish trials were chosen among those commonly used in conventional agriculture in the area. Additional varieties were included that had shown a better rooting ability in a hydroponic test.
In Switzerland the set of varieties also differed between systems. In the low input network a larger set of varieties were tested. Varieties that were not considered interesting for the organic system were first not included in the organic sites. Comparable sites were included in the analysis for this publication and varieties that were not tested in organic fields were not considered (see next subsection).
In the Danish case, all breeding lines and varieties from the official Danish variety testing system were included each year as well as a number of international varieties known to be specifically adapted to organic conditions; this implied that the entries changed to some extent between the 2 years.
In Germany the set of varieties consisted of commercial released varieties and current elite breeding materials, that was not pre-selected for organic farming.
The UK set of varieties comprised parents that were used in a composite cross to create new diverse breeding populations. For this purpose varieties were chosen from different European countries that had proven to be successful by occupying a major share of the acreage during a prolonged period between 1950 and 2000.
Locations, years and experimental design
In most cases, the two types of experiments were conducted at the same location. In Switzerland and UK this condition was not satisfied. Therefore, pairs of locations were identified on the basis of similar environmental conditions and treated as sites in the analysis. Trials were organized as complete or incomplete block designs. As the sets of varieties tested in two systems and in different years/locations were not always the same, the analysis was done only in the cases where the design of the experiment allowed for estimation of the covariance components of interest. Also, the observations of the traits were not always sufficiently complete for the estimation procedure to work. The traits which were used in the present analysis are summarized in Table 3 ..
Estimation
The variances and covariances needed to estimate the genetic correlation and to study the response to selection can be obtained from each of the analysed data sets as follows. Let y gjkr denote the observation of the trait for the g-th genotype (variety) (g = 1, 2,…, G) in the j-th system (j = 1, 2 for organic and non-organic systems, respectively) at the k-th environment (meaning location, year or combination of both, k = 1, 2,…, K) in the r-th replicate (r = 1, 2,…, R). For easier presentation, we describe the model as if all the trials were done in complete blocks, although some of the series were done in incomplete blocks and for these an appropriate model was used. Then, we assume for the observation the mixed model
where l denotes the general mean, and a j , b k , c jk denote the fixed system, environment and system 9 environment interaction effects, respectively. The genotype 9 system is assumed to be a random effect and is denoted in (1) by u gj . We assume that
, that is, the genotypic values in the two systems can have different variances, and they can be correlated. Further, v gk , w gjk , z jkr , e gjkr denote the random effects of genotype 9 environment interaction, of genotype 9 system 9 environment interaction, of blocks nested within system and environment, and of error, respectively. We assume that:
ð Þ ). In case of the German dataset the model was extended to account for the additional fertilizer treatment factor.
The variance components in model (1) are estimated using the REML algorithm (Searle et al. 1992, numerical implementation in Genstat 9, VSN International). The estimators are used to obtain the genetic correlation coefficient between organic and non-organic system
and a measure of environmental and error variance
with " r 2 e being the mean error variance from the series of experiments. This latter measure is needed to specify the phenotypic variances P ij as functions of the number of trials, as detailed below.
Index selection
We here assume that optimal use is going to be made of information from both the organic and the non-organic trial system. The simplest way to combine information from two systems in an optimal way is to use index selection. Thus, the estimate of performance of a variety under organic conditions will be obtained as a weighted combination of means under both the organic and the nonorganic system, with weights depending on genetic variances, covariances and the numbers of trials in both systems.
Using derivation of Falconer and Mackay (1996, p. 240) and adapting it to our problem, we define the selection index as
where P 1 and P 2 are the phenotypic values of the trait (e.g., yield) observed in organic and in non-organic trials, respectively, and b 1 and b 2 are the corresponding weights. The weights defining the index are to be chosen in such a way that the correlation between the index and the genotypic value of the genotypes in the organic conditions, A, is maximal. It can be shown that the optimal weights are obtained by solving the equation
where A mn and P mn are the genetic and phenotypic variances and covariances, respectively, of the trait measured in system m and n, m,n = 1, 2 (the phenotypic variance refers to genotypic means). The solution is
On the other hand, it can be shown that the variance of I is given by 
a Soil coverage measured in 1-9 scale in Dutch data set and in % in UK data set b Lodging, breaking of straw, septoria and brown rust measured in the scale in which 0 or 1 denotes the desired situation (no lodging, no infection, no straws broken) c Brown rust measured in 1-9 scale in Dutch data set and in % in Danish data set Falconer and Mackay (1996, p. 328) , the response to selection (the mean value of index I within the selected fraction of genotypes in relation to the population mean) is given by
where i is the intensity of selection, that is, R A is proportional to r I (or equal to r I if we consider selection with unit intensity, equal to one standard deviation). Thus, we have
For any series of experiments we can estimate the response to selection, R A , by inserting into Eq. 2 the parameter estimates obtained in the analysis of model (1), that is, estimates of A 11 , A 22 , A 12 = A 21 , P 11 = A 11 + u/t 1 , P 22 = A 22 + u/t 2 , and P 12 = P 21 = A 12 , where t 1 and t 2 are the numbers of trials in the organic and non-organic system, respectively.
For comparison, we also compute the response to direct selection R 1 (when only information from the organic system is used) and response to indirect selection R 2 (when only information from the nonorganic system is used). Using standard results (Falconer and Mackay 1996, p. 189) , the formulas for these responses are, respectively,
Studying the response to selection
In addition to estimating the response to selection for each series of trials, we can also consider the following scenario to study the effect of the number of organic and non-organic experiments in the series. Assume that we currently have t 1 organic and t 2 nonorganic experiments, and that we have to decide how to divide additional t experiments between the two systems. In this case, P 11 = A 11 + u/(t 1 + tp) and
, where p is the proportion of experiments assigned to the organic system. In this way we express R A in (2) as a function of A 11 , A 22 , r G , u, t 1 , t 2 , t and p, and study its properties. We impose the restriction t 1 , t 2 C 1 to ensure that the ratios in P 11 and P 22 cannot have a zero denominator, as p is let to vary between 0 and 1.
Specifically, in our calculations we take t 1 = 1 and t 2 = 10. The choice of these proportions between organic and non-organic trials reflects the current and prospected proportion between the organic and nonorganic cereal acreages.
Results
Parameter estimates
For each series of experiments and each trait the analysis of model (1) provided several estimated parameters and statistics (Tables 4, 5 ). Table 4 shows mean values and genetic variances in the two considered cropping systems, as well as genetic correlation and predicted responses to selection; Table 5 shows Wald statistics for tests concerning fixed effects in model (1), environmental variance components, error variances and numbers of experiments.
First we compare the mean values of the traits for two systems given in Table 4 . It can be noticed that in most cases the mean value for the organic system was smaller than the mean for the non-organic system. Organic yield was always (eight times) significantly lower (see Wald statistics for ''systems'' in Table 5 ). Height in the organic system was smaller in four (significantly smaller in three) out of five cases. Thousand grain weight and hectoliter weight (analysed four and three times, respectively) were always smaller in organic conditions, although not always significantly so. Protein content and soil coverage (analysed three and two times, respectively) were always significantly smaller for the organic system. For lodging and breaking of straw, the organic means were significantly smaller. Infection by brown rust and septoria was lower in the organic system except for Dutch II data, where there was no significant difference between the systems.
Secondly, we interpret in Table 4 the estimates of genetic variances characterising the variability of genotypic values within both agricultural systems. The genetic variance in organic conditions was always smaller than in non-organic conditions for yield, protein content, lodging and breaking of straw. The opposite relation was observed for hectoliter weight, soil coverage, brown rust and septoria. The relation of genetic variances for organic and non- organic trials corresponds roughly to the relation of corresponding mean values (Fig. 1 ). Now we turn attention to the genetic correlations between the two systems ( Table 4 ). The genetic correlations for yield are in the range from 0.79 to 1. For height, they varied from 0.97 to 1, with one exception of 0.86 for Dutch II data. Lower correlations were observed for thousand grain weight (TGW) and hectoliter weight in UK data. For other situations they were close to 1. Considering different data sets, the highest correlations were observed in the French data: the genetic correlation had to be set to 1 in seven out of eight cases in order to avoid a correlation estimate larger than 1. Three lower correlations were observed in Dutch II data: for height, lodging and septoria.
The next column in Table 4 contains values of u, the total variance incurred by the environment and its interaction with varieties and systems. In comparison to genetic variances, the value of u was very low for lodging in Dutch II data, and for all cases of height. High values of u were observed for soil coverage.
Finally, Table 4 shows predicted values of response to selection, expressed in the units of the trait measurement. According to the formulae given above, the values shown correspond to unit selection intensity, that is, to the situation where the mean value of genotypes selected from the parental population is bigger than the population mean by one standard deviation (for a normal distribution, this corresponds to selecting, about 35% of the population). In relation to the organic mean, the values of R A were similar within traits (for yield-from 5.14% to 9.51%). The largest values of the response to selection in relation to the organic mean were observed for the traits observed on the ordered categorical scale: lodging, brown rust and septoria, intermediate for straw breaking, soil coverage and height, and the smallest for yield, protein, TGW and hectoliter weight. The difference between the response to index selection and the reponse to indirect selection for yield was from 0.05 to 0.63 dt/ha. It should also be emphasized, that direct selection is always outperformed by index selection. This stresses the, perhaps obvious, fact that results of non-organic trials provide valuable information on performance under organic conditions, and such information should not be discarded. Note that for each case in Table 4 we have the same number of trials for organic and non-organic systems. When in practice a combined organic/non-organic system will be set up, there will probably be more non-organic trials, which would increase the information to be gained from non-organic trials.
In Table 5 we see that the environments (years and/or locations) had significant influence on the level of the traits. Only once the difference between environments was not significant: for soil coverage in Dutch I. System 9 environment interaction effects were also highly significant in most cases. The least significant or a non-significant interaction was observed for both diseases (except for septoria in French data) and for hectoliter weight in UK data set.
Response to selection
The response to selection was studied as a function of parameters described in ''Materials and Methods'' for different traits and data sets. Here, for illustration, we present such analysis for two selected situations: (i) yield in the French data set and (ii) lodging in the Dutch II data set. These were characterized by the following estimated parameters (see also For some data sets traits were not observed in all experiments; in other cases, the REML algorithm was not convergent for all experiments due to the different sets of genotypes. The table shows the number of organic and non-organic experiments used in the calculations Fig. 1 The ratio of organic genetic variance and conventional genetic variance v. corresponding ratio of mean values, for all analysed situations (for triat symbols see Table 3 )
Euphytica (2008) 163:417-433 427 The two selected data sets differ in the value of the genetic correlation and in the relation between the genetic variances and the environmental variances. To calculate the response to selection it was assumed that t 1 and t 2 are equal to 1 and 10, respectively, and t, the number of additional experiments, is 5. Figure 2 shows results of the analysis of response to index selection R A for situations (i) (plots a, c, e) and (ii) (plots b, d, f) . values of p, which means that replacing nonorganic experiments by organic ones is always improving the selection for organic conditions by approximately the same value. In (f) the genetic correlation is lower, but genetic variances are much bigger than the environmental variances. In consequence, the function is more curved, and after adding a number of organic experiments, say 3 (p = 0.6), the gain from further increase is getting smaller.
The fact that the functions in Fig. (e) and (f) are both increasing functions means that allocating more organic experiments always gives more information. In particular, allocating all additional resources to organic experiments would give maximum selection gain. Generally, the effect of p on response to selection may seem surprisingly small. Note, however, that the small differences are mainly a result of the large genetic correlations, which mean that organic and non-organic trials provide very similar information. In the limit, when r G = 1, both types of trial are, in fact, completely exchangeable.
In addition to the above interpretation, from the graphs (Fig. 2e, f) we can deduce what is the gain in response to selection per one added organic experiment. It is about 0.004 dt/ha for yield in French data, and 0.005 units for lodging in Dutch II data.
Relation to ranking of varieties
In addition to analysis described so far, a series of simulations was carried out to illustrate the effect of the genetic correlation on the agreement of rankings of genotypes in the two systems. Specifically, we generated bivariate random standard normal deviates with correlation r G . As the measure of agreement we took the probability of a genotype being in the top 10% of the ranking in one system of trials, conditionally on it being ranked among the top 10% in the other. It was assumed that the number of genotypes is 50 and the simulations were done for r G from 0.80 to 0.98, the range observed in the experiments. Figure 3 shows the mean probabilities obtained in 500 simulations. For example, for r G = 0.95, it is expected that the probability that a variety ranked 1-5 in the nonorganic system will be also ranked 1-5 in organic system is equal to about 0.75; for r G = 0.98 the corresponding probability is about 0.85.
Discussion
Statistical approach
We have shown how to use a mixed model approach to estimate the parameters describing genetic and nongenetic variances in series of field trials conducted under two agronomical regimes: organic and nonorganic. The genetic variance was allowed to be different in the two systems. The agreement of the genotypic means in the two systems was modeled by the genetic covariance. To make the model more realistic, the error variance was allowed to vary between experiments. To unify the model for all considered series of experiments, the years and locations have been combined to form ''environments''; a separate representation of these factors in the model would be difficult due to generally small numbers of their levels. While we do not expect grossly different results when the environmental effects are partitioned into effects for years and locations, we could not substantiate this conjecture due to small sample sizes. It would be useful to investigate this by conducting experiments under both systems in many locations and many years in particular.
We have shown that selection can be useful concept in variety testing. In fact, the decision as to whether a candidate variety is to enter the national list is clearly a selection decision. Also, a recommendation of released varieties based on post-registration trials implies a selection among all listed varieties. Following, the work of Piepho and Möhring (2005) we have shown how to use the estimated variances to obtain predicted responses to selection and to index selection. The response to selection was also expressed as a function of variable parameters to simulate different experimental situations. The approach based on index selection is commonly used for situations in which correlated traits are observed in the same conditions (Falconer and Mackay 1996; Piepho and Möhring 2006) . It has also been used for the problem of deciding if it is worthwhile to subdivide a target region into subregions for local recommendation (Piepho and Möhring 2005) . The present study provides another example that this approach is flexible enough to treat larger class of problems.
Common features of series of variety trials are missing data, as some traits are not observed in all experiments, and non-orthogonality, caused by the choice of genotypes. Although the REML algorithm used to estimate the variance components is numerically quite robust against missing data and some non-orthogonality (Piepho et al. 2008 ), we did not succeed to analyse all data (trials/traits) in the collected data sets. The main obstacle was the use of different sets of varieties in different trials, environments, or, particularly, systems. Not all of the experiments used in this study were initially designed to primarily compare systems. For future studies comparing organic and conventional trials, it is recommended to use the same sets of varieties and to use the same sites.
For some of the analysed data sets, the REML algorithm gave negative estimates of variance components. Also, in some cases, the genetic correlation calculated from estimated genetic variances and covariances was bigger than one. This can happen if the values of the parameters are close to or at the boundaries. As consistent estimates of the parameters were needed for further calculations, in such situations we applied procedures restricting the parameters, i.e., the negative variance components were set to zero, and the correlation was set to one.
It should be noticed that the approach used here to analyse response to selection considers only one trait at a time. Practical selection is never based just on one trait. The model of index selection has the potential to be extended to the multivariate case, but this was not done in this investigation. Also, the probabilities of ranking agreement could be calculated for simultaneous selection on several traits; but as probabilities of products of random events are involved, the probabilities of ranking agreement would probably be quite low.
The predicted response to selection for the traits measured on an ordinal scale was in some cases very high in relation to the mean value in organic conditions. This is probably a result of bias due to lack of normality, and it may be preferable to analyse these traits by generalized linear mixed models for ordered categorical data, though care needs to be exercised regarding asymptotic properties of these methods (Breslow and Clayton 1993) .
Interpretation of the results
As is commonly reported in comparisons between organic and conventional cropping systems in industrialized countries (Padel and Lampkin 1994) we found that the mean values for the organic system were usually lower than for the conventional system. For yield this was accompanied by a specific relation between the corresponding genetic variances. It seems that the general statistical rule of some dependence between mean and variance is partly responsible for these observations. However, for soil coverage in the UK and Dutch studies, the genetic variance was higher in the organic system than in the conventional system, despite the lower mean value in the organic system. This was also true for plant height in the Dutch case. In the UK study plants were about 5% taller in the organic system, while the genetic variation for plant height was about two times higher compared to the conventional system. This agrees with one of the second author's field observations, that due to the usually abundant canopy development in a conventional trial, differences between varieties in vegetative traits (soil coverage, leafiness) are less easy to assess in the conventional trials than in organic trials. Remarkably, in the studies that compared organic and low input systems (French, Swiss), the genetic variation for plant height was lower in organic trials.
The genetic correlations observed in the experiments, ranging from 0.79 to 1, seem to be high.
However, interpretation in terms of probability of ranking agreement shows that this does not correspond to error-free conclusions about one system on the basis of experiments in the other. Simulations showed that despite the high genetic correlation, the probability that a top 10% variety in one system, also would be top 10% in the other, could be moderate, e.g., about 0.85 for a genetic correlation of 0.98. It also should be noted that despite the high correlation, in most data sets the individual authors could identify specific varieties that deviate from the mean pattern by either performing better in the organic or nonorganic system.
The estimated genetic variances, covariances and correlations were also used to calculate responses to index selection, which uses information from both organic and non-organic trials, and to both direct and indirect selection. By definition, the response to index selection is higher than to direct and indirect one. The difference between the response to index and indirect selection, which can be used as to measure of the necessity of running organic trials in addition to routinely used non-organic tests of varieties, was obviously higher in the situations where the genetic correlation was low. The maximum values of this difference observed in the analysed experiments, expressed in the units of the traits, were 0.63 dt/ha for yield and 0.66 g for TGW. For yield, this seem to be a value which can be practically significant. Obviously, this increase in selection efficiency is based on an increased number of trials. There was no consistent relation between the values of the response to direct and indirect selection. It should be noticed that the direct selection corresponds to the situation where only organic experiments are run as variety tests, or where information from existing non-organic trials would be completely ignored, which would not usually be a sensible decision-making strategy.
To illustrate the functional relation between the variance components and the selection response, an example of lodging in Dutch II data set was chosen. We made this choice because in this case genetic variances were much larger than the environmental variance, and genetic correlation was low. This allowed to show two contrasting situations. However, it should be noticed that the difference between variance components has a clear interpretation: lodging is not very common in organic trials, so genetic differences between varieties are not fully expressed (many 1s are observed), while in the conventional trials there is more differentiation between varieties. This also explains low genetic correlation for lodging.
We may also notice that, despite variety of crops and organizations doing experiments, the predicted response to selection was pretty similar in different series of experiments. So some consistency of parameters estimated on the basis of organic and non-organic trials can be expected across Europe.
Factors influencing the results
Exploration of the data prior to the final analysis showed the importance of the physical proximity of the organic and non-organic site. In two analysed series, from Switzerland and from UK, the experiments in two compared systems were performed at different locations. For the purpose of the analysis, the experimenters decided how to pair the locations on the basis of similar environmental conditions to form ''sites'' subsequently considered as ''environments''. Experiments, which could not be paired, were removed. The effect was visible in the analysis. The Wald statistics for yield in Swiss data, for ''systems'' and for ''system 9 environment'' interaction, were larger than in other data sets. Moreover, both data sets, when analysed without this special treatment, gave quite low estimates of the genetic correlation. This was because the variablity between two systems was ''contaminated'' with some variability between locations.
On the other hand, in practice organic and nonorganic systems usually do not co-incide at the same farm. So, the requirement of proximity may lead to the choice to conduct the trials on research stations, that do not always fully represent the real practical situation, and therefore may bias the results. This risk is especially high when the organic system is represented by a ''non certified'' organic system, such as in the Scandinavian cases.
It is also important to note that, except for the German research, all conventional systems were not truly intensive, as no fungicides and growth regulator were used to control diseases and lodging. This was because the researchers also needed to score the resistance of the varieties for these traits under conventional growing conditions. Difference in soil fertility between the two systems is expected to be one of the reasons for potential differences between ranking. The mean yields reflect the fertility level of the systems. The organic yields were considerably higher than in the studies in other continents (Kitchen et al. 2003; Mason et al. 2007; Murphy et al. 2007 ). Furthermore, from the tables one can calculate that the yield reduction in the organic system varied considerably between countries: from 5% in barley in Denmark to 47% for winter wheat in UK. However, the results do not show a clear influence of the difference in productivity between systems on the genetic correlation for yield.
Also the variety choice in the trials has an effect on the outcome. Except for the UK, in all experiments modern varieties and breeding lines, that were developed for non-organic cereal production, were chosen. One feature of modern cereal breeding is that varieties are selected for broad adaptability. In Denmark, France and Switzerland also small proportion of varieties, which were specially developed for the organic sector, were included. The UK data set consisted of selection of varieties from 1950 to 2000 from Western Europe, with a proven record of robust performance, by having occupied a larger acreage for a prolonged period of years. Hence, these also probably are varieties with a broad adaptability. One of the features of the recent studies that report a difference in genotype x system interaction (Burger et al. 2008; Murphy et al. 2007 ) is that these include early breeding material. A possible explanation for the high genetic correlations for yield that we found in this study may be the fact that Western European breeders strongly select for wide adaptation to cover all environments within a region. Therefore, results of this paper only apply to the variety testing system with the current range of varieties in Western Europe and cannot be extrapolated to comparisons between breeding under organic and non-organic growing conditions. For a prediction of the genetic correlations for the latter situation early breeding lines should be compared.
Finally, it should be noted that despite the many traits observed in the different studies, only yield could be analysed for all seven countries. For organic farmers, quality traits and traits that make the crop more competitive against weeds (e.g., early soil coverage, plant length) and disease resistance are usually equally important. Unfortunately, data is lacking for more robust conclusions for these traits.
Conclusions and recommendations for variety testing
A successful selection or recommendation of the best varieties for organic agricultural in a variety testing system depends on two factors. Firstly, the varieties should be evaluated for the traits that are important for organic farmers and processors. A number of these traits (e.g., weed competitiveness) are not regularly included in the official non-organic variety testing procedures and in a number of European countries proposals have been made to consider new traits either in the official testing system or in postregistration trials (Osman and Lammerts van Bueren 2003; Levy et al. 2007) . Secondly, the varieties should be evaluated in trial environments that give the highest probability of selecting varieties that also will be the best for the key traits in organic commercial farms. This study shows how to measure the gain resulting from running organic experiments in addition to non-organic ones. This methodology can be used to make decisions regarding the optimal allocation of additional trial resources for organic farming conditions. Precise interpretation of the parameter estimates may, however, depend on the actual costs of organic experiments in a particular environment. This would lead to economic considerations which are beyond the scope of this study, though we wish to stress that inclusion of economic information is straightforward with our approach. Despite these limitations, our results clearly show that especially for yield non-organic trials provide valuable information also with respect to organic farming systems. Index selection based on a mixed model provides a convenient and efficient framework for making optimal use of this extra information.
